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Abstract: Metal matrix composites with high thermal conductivity and tailorable coefficient of thermal expansion are found 
widespread applications in electronic package and thermal management. The latest advances in manufacturing process, thermal 
properties and brazing technology of SiC/metal, carbon/metal and diamond/metal composites were presented. Key factors controlling 
the thermo-physical properties were discussed in detail. The problems involved in the fabrication and the brazing of these composites 
were elucidated and the main focus was put on the discussion of the methods to overcome these difficulties. This review shows that 
the combination of pressureless infiltration and powder injection molding offers the benefits to produce near-net shape composites. 
Improving wettability and optimizing interfacial structure are prerequisites for successful fabrication and further enhancement of 
thermal properties. A new Ag-Cu-Sn brazing alloy with low melting point is found to be effective to braze Al-matrix composites. 
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The increasing requirement imposed on thermal 
management materials in microelectronics and 
semiconductors drives the development of advanced 
metal matrix composites (MMC) with high thermal 
conductivity (TC) to effectively dissipate heat and 
tailorable coefficient of thermal expansion (CTE) to 
minimize thermal stresses [1−2]. This is of vital 
importance to enhance the performance, life cycle and 
reliability of electronic devices. 
Metal matrix composites with high volume fraction 
of reinforcement are attractive in view of the possibility 
to further enhance TC by the use of high TC components 
and the flexibility to adjust the CTE by controlling the 
content of reinforcement. Al and Cu were usually used as 
metal matrix due to their high TCs, and the 
reinforcements involved SiC, carbon and diamond. On 
the consideration that the composites produced from the 
same reinforcement have similar difficulties during 
fabrication, the composites with high TC were divided 
into three main categories: SiC/metal, C/metal and 
diamond/metal composites. Owing to the fact that 
specific thermal conductivity (thermal conductivity 
divided by density) of Al-based composites was higher 
than that of Cu-based composites, Al-based composites 
are more desirable in avionic applications where light 
weight is demanded. 
Great breakthrough was achieved in SiCp/Al 
composite, but its TC is still relatively low for many 
thermal applications [3]. With the intention to further 
increase thermal properties, the reinforcements (carbon 
and diamond) with higher TC were introduced. C/metal 
composite is attractive because of its ease of 
machinability, while diamond/metal becomes a hotspot 
for its extremely high TC [4]. However, non-wetting 
characteristic and undesirable interfacial reaction make 
great difficulty on the fabrication process and greatly 
limit the improvement of thermal properties of C/metal 
and diamond/metal composites [5−6]. Thus, improving 
wettability and optimizing interfacial structure become 
challenging issues. Additionally, advanced metal matrix 
composites are hard to be machined into complex shape. 
In response to this problem, near-net shape technology 
was developed in our group by the combination of 
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pressureless infiltration and powder injection molding 
[7−8]. Brazing technique is another important aspect, but 
little work is done especially about Cu-matrix 
composites. 
The aim of this work is to discuss the key factors 
that hamper the manufacturing process and the 
improvement of thermo-physical performance. More 
importantly, the methods to overcome these difficulties 
are supplied and the progress made in our group is 
presented. This review consists of three important 
aspects: thermo-physical properties, processing methods 
and electronic packaging processing. 
 
2 Thermo-physical properties 
 
Thermo-physical properties were affected by matrix, 
reinforcement and interfacial structure. Interfacial 
characteristic can be controlled by modification of metal 
matrix, surface treatment of reinforcement and selection 
of suitable processing parameters. 
 
2.1 SiC/metal composites 
2.1.1 SiCp/Al 
SiCp/Al composites are the key packaging materials 
at this time. The major problems encountered in the 
processing are bad wettability in SiC-Al system and the 
undesirable interfacial reaction [9]: 
 
4Al(l)+3SiC(S)=Al4C3(S)+3Si(l)                               (1)  
Al4C3 acts as an interfacial thermal resistant and 
reacts with atmosphere moisture to degrade thermal 
properties. Co-addition of Si and Mg, as well as the 
utilization of N2 successfully improves the wettability 
during pressureless infiltration. Mg vapor penetrates into 
the preform and reacts with the oxygen absorbed on SiC 
and the nitrogen fills in the preform. Generated Mg3N2 
reacts with Al and promotes the wettability. When Si 
content is lower than 6% (mass fraction) or Mg content 
is lower than 4% (mass fraction), the composites cannot 
be fully infiltrated due to poor wettability. When Mg 
content increases beyond 8% (mass fraction), high 
porosity is induced. The optimum Mg content is found to 
be 4%−8% (mass fraction) [10]. 
Detrimental interfacial reaction can be effectively 
prevented as the Si content is over 12% (mass fraction) 
at 1 000 °C. However, excessive Si beyond 12% (mass 
fraction) degrades the TC. A balance should be made 
between the improvement of wettability and the 
inhibition of interfacial reaction in order to obtain the 
optimum properties. The composites with 58%−70% 
(volume fraction) SiC produced by our group reach the 
following level: TC of 170−220 W/(m·K); average CTE 
of 7×10−6 K−1 (25−100 °C) and gas impermeability as 
low as 10−11 Pa·m3/s [11]. 
2.1.1 SiCp/Cu 
The major challenge of SiCp/Cu composite is the 
improvement of wettability and the suppression of strong 
reaction: 
 
SiC+Cu→C+Cu3Si                              (2)  
In order to improve the wettability, transition 
alloying elements (Ti, Cr, Fe, Ni and Al) are added [12]. 
The enhanced Si activity favors the elimination of 
non-wettable SiO2-film on SiC particles and the decrease 
of melt fluidity. 
In the case of hot pressing method, SiC are coated 
with TiN, TiN/TiC/Al2O3, diamond-like carbon, W and 
Mo, which act as a barrier to Cu diffusion. Higher 
thermo-physical properties and lower porosity are 
achieved. Vapor deposited Mo-coating improves 
bonding strength and thermo-physical properties, 
enabling the TC of 306 W/(m·K). The highest TC   
(323 W/(m·K)) is obtained by the use of TiN-coated SiC 
[13]. 
During squeeze casting, two methods are used to 
restrict interfacial reaction. Firstly, preoxidation of SiC 
particles takes place at 1 000 °C. The extent of reaction 
is suppressed slightly, but the TC remains as low as 
40−70 W/(m·K) [14]. Secondly, with the addition of Si, 
the TC is very low due to considerable reduction of the 
TC of copper. It is still a great challenge in SiC-Cu 
system to enhance TC during liquid infiltration route. 
 
2.2 Carbon/metal composites 
The ease of machinability is the most attractive 
property of carbon/metal composites, while the 
bottleneck is their low value of TC [15]. 
2.2.1 Cf/Al 
Widespread application of C/Al is limited by 
manufacturing problems, which is derived from the 
reactivity between carbon and liquid aluminum [16]: 
 
4Al(l)+3C(s)→Al4C3(s)                          (3)  
The wettability is enhanced with increasing 
temperature due to the interfacial reaction, but the 
interfacial reaction greatly degrades the TC. In order to 
suppress above interfacial reaction, three approaches are 
explored. Firstly, the surface of carbon fiber is modified 
through passive oxidation and metallic coating (Ni, Cu, 
W and Mo) in order to improve the wettability or build 
up diffusion barrier. Electroless Ni-coating layer is found 
to be able to enhance the wettability and reduce the 
microsegregation. Secondly, Al matrix is alloyed with Si 
to reduce the tendency towards Al4C3 formation. Thirdly, 
carbon preform and Al melt are preheated separately 
during infiltration process in order to reduce the contact 
time and the reactivity. 




Copper is nonreactive with carbon and the 
interfacial bonding is weak, resulting in high interfacial 
resistance and low TC of Cf/Cu composites. In order to 
improve the interfacial bonding, active elements are 
added. The addition of 0.5%−0.8% (volume fraction) Ti 
to Cf/Cu composite results in the formation of TiC on 
carbon fibers and CuTi2 remains in copper alloy, which 
significantly improves the interfacial cohesion [17]. 
However, the TC is only 110−200 W/(m·K) due to the 
existence of cohesive compounds. A novel sputter 
processing is applied to deposit interfacial layers and Cu 
matrix onto continuous carbon fiber in order to enhance 
bonding between Cu matrix and fiber [18]. It is 
demonstrated that the TC of Cf/Cu composites is 
increased to 800 W/(m·K) using the fiber with K=1 100 
W/(m·K). 
 
2.3 Diamond/metal composites 
Diamond exhibits exceptionally high TC (600−    
2 300 W/(m·K)), but the TC of diamond/metal composites 
has not been taken into full play [19]. 
2.3.1 Diamond/Cu 
Diamond/Cu composites confront with two 
difficulties. Firstly, diamond is nonreactive with Cu and 
the contact angle (170°) is observed, resulting in weak 
interfacial bonding and high interfacial resistance. 
Secondly, the superficial oxidation (>700 °C) and 
graphitization (>1 000 °C) may take place, which have to 
be considered because of high manufacturing temperature 
[20]. 
Active elements (B, Cr, Al, Ti and Zr) are added in 
Cu matrix to improve the wettability, leading to the 
establishment of chemical interaction between diamond 
and Cu. In a narrow range of Cr content about 0.05% 
(molar fraction) or a B content about 2.5% (molar 
fraction), the TC increases and the CTE decreases due to 
the transition from weak bonding to strong bonding by 
the formation of carbides [21]. If the content of active 
element exceeds this level, the TC decreases due to the 
reduction of matrix conductivity. Therefore, the amount 
of active element must be optimized in order to maintain 
high TC. 
With the purpose to improve anti-oxidation and 
anti-graphitization performance of diamond, Ni, Ni-W 
and Co-W films are deposited on diamond. Ni-coated 
diamond can be used in air up to 900 °C or in protected 
atmosphere at 1 300 °C without decreasing thermal 
properties. Additionally, we produce Ti-coated and 
Cr-coated diamond with the thickness of 2−5 μm by salt 
bath with the intention to improve wettability and 
interfacial bonding, which facilitates pressureless 
infiltration of copper alloy into porous diamond perform 
[22]. The highest TC of 900 W/(m·K) is achieved for the 
composites prepared by high-pressure, high-temperature 
under 1 027−1 827 °C and 2−8 GPa using 70% (volume 
fraction) diamond [23]. TC of the composites prepared 
by SPS with 60% (volume fraction) diamond is only  
600 W/(m·K). Great variation of TC is attributed to 
varied interfacial structure. 
2.3.2 Diamond/Al 
Chemical reaction is involved in diamond-Al 
system. Prolonged exposure of diamond to Al melt easily 
causes the excessive formation of undesired Al4C3. Great 
thermal resistance and heat damage of diamond make the 
TC much lower than the theoretical value [24]. 
In order to improve the interfacial bonding and 
suppress the formation of Al4C3, Si is added to Al alloy. 
Improved bonding is approved by the formation of SiC at 
the interface and the resulting TC is 375 W/(m·K). With 
respect to the diamond/Al composites produced by 
pressure infiltration, diamond particles are coated with 
SiC with the intention to restrict the undesirable 
interfacial reaction, but the TC is only 259 W/(m·K) due 
to the high interfacial resistance [25]. Ti-Coated diamond 
by vacuum slow vapor deposition method can reduce the 
thermal resistance significantly and improve the TC from 
125 to 486 W/(m·K) [26]. It is noted that the formation 
of Al4C3 is beneficial to the enhancement of TC to a 
certain degree. For the composites fabricated by 
infiltration of Al alloy into porous diamond preform, the 
highest TC reaches 670 W/(m·K). 
 
3 Processing of metal matrix composite 
 
3.1 Liquid infiltration 
Liquid infiltration involves two main steps: preform 
preparation and infiltration of molten metal into porous 
ceramic preforms. 
3.1.1 Preform preparation 
Near-net shape capability and strengthening of 
ceramic preforms are two important considerations for 
preform preparation. 
1) Near-net shape forming of preform by PIM 
Our speciality on the fabrication of ceramic preform 
is the application of powder injection molding (PIM) 
technology. PIM is a near-net shape forming technology, 
which is suitable for producing small parts with complex 
shape and high content (>50%, volume fraction) of 
reinforcement. It is possible to accurately adjust the 
volume fraction and particle size of reinforcement. PIM 
involves three steps. Firstly, the feedstocks for PIM are 
produced by mixing SiC powder and the binder in the 
double planetary mixer in the temperature range of 
135−160 °C. Secondly, the preforms are injected under 
the pressure of 60−80 MPa. Thirdly, molded preforms 
are subjected to debinding and pre-sintering. Figure 1(a) 
shows SiC preform fabricated by PIM. Figures 1(b), (c) 






Fig. 1 Various kinds of net-shape metal matrix preform and corresponding composites: (a) SiC perform [9]; (b) Infiltrated SiCp/Al [9]; 
(c) Infiltrated SiCp/Cu [7]; (d) Infiltrated diamond/Cu [26] 
 
and (d) indicate SiCp/Al, SiCp/Cu and diamond/Cu 
composites fabricated by the combination of powder 
injection molding and pressureless infiltration, 
respectively. Figure 2 shows the microstructures of 
SiCp/Al, SiCp/Cu, diamond/Cu and Cf/Cu composites. It 
is seen that the distribution of reinforcement is uniform 
and high volume fraction is achieved. As for SiC/metal 
composites, interfacial reaction is restricted (Figs.2(b) 
and (d)) by alloying matrix. In the case of diamond/metal 
and C/metal composites, Ti-coated diamond (Fig.2(f)), 
Ni-coated diamond (Fig. 2(g)) and Mo-coated carbon 
fiber (Fig. 2(h)) are used in order to ameliorate the 
interfacial bonding. 
2) Optimization of reinforcement content 
The volume fraction of reinforcement (φp) is 
enhanced by the use of multi-modal sized reinforcements. 
φp can be tailored in the range of 48%−74% by varying 
the proportion and size ratio of coarse to fine particles. φp 
increases with increasing size ratio of the components 
and a size ratio larger than 10 allows particle volume 
fraction as high as 74% [28]. Figure 2(c) shows the 
microstructure of SiCP/Cu composites made from the 
mixture of 63 μm and 24 μm particles and φp reaches 
64% [12]. CTE of the composites strongly depends on φp. 
The increase in φp makes a decline in the value of CTE. 
In comparison to CTE, TC of the composites is 
sensitively dependent on both φp and residual porosity. 
TC should increase with increasing φp because of the 
high TC of the reinforcement. However, the increase in 
size ratio of the components brings about the decrease in 
permeability channel size or increase in required 
threshold pressure, hence retards complete infiltration of 
molten liquid into the voids. The residual of porosity 
impairs greatly the TC of the composites. Additionally, 
the variation in specific surface area with the use of 
multi-modal sized reinforcements exerts great influence 
on the interface thermal resistance and the resulting TC 
of the composites. 
3) Strengthening of perform 
The strength of the preform after debinding is too 
weak to avoid deformation or damage during infiltration. 
It can be strengthened through the following two 
methods: 
(1) High temperature calcination 
High temperature calcination enhances the strength 
of SiC preform by virtue of the generated SiO2 layer on 
SiC. Too high temperature induces the formation of 
obturated pores, which are difficult to be infiltrated. A 
better calcination condition is found to be at 1 100 °C for 
8 h in vacuum [8]. The disadvantage is that chemical 
reaction between Al alloys and SiO2 film will reduce the 
thermal properties. 
(2) Inorganic binder strengthening 
Ceramic preforms can be strengthened by inorganic 
binders (water glass and silica sol). The debinding 
ceramic preforms are dipped with 0.75% (SiO2) (mass 





Fig. 2 Microstructures of four kinds of metal matrix composites: (a, b) SiCp/Al [11]; (c, d) SiCp/Cu [12]; (e) Diamond/Cu [26]; (f) Ti- 
coated diamond [26]; (g) Ni-coated diamond [27]; (h) Cf/Cu composites; (i) Mo-coated carbon fiber 
 
fraction) water glass and then calcined at 800 °C. The 
strength of ceramic preforms reaches 3.9 MPa and 
thermal properties are not affected [29]. Polycarbosilane 
(PCS) is another effective inorganic binder and it is 
converted to SiC whisker. The composites are reinforced 
hybridly by SiCp and SiCw and the CTE decreases from 
7.0×10−6 to 5.4×10−6 K−1 [9]. 
3.1.2 Liquid infiltration 
Above composites can all be prepared by pressure 
infiltration, but the complexity of shape is limited. 
Pressureless infiltration has the advantage to produce 
complex-shaped components. However, poor wettability 
exerts great challenge on pressureless infiltration. 
Non-wetting to wetting transition is achieved through the 




1) Alloying matrix 
In SiC-Al system, Si and Mg are added in Al matrix, 
as well as the utilization of N2 atmosphere facilitates 
pressureless infiltration. In SiC-Cu system, pressureless 
infiltration is realized through the addition of Fe, Ni, Cr 
and Al [12]. Pressureless infiltration has not been 
realized in C/metal and diamond/metal composites by 
alloying matrix, which is still an interesting subject in the 
future. 
2) Activation of ceramic perform 
Introducing activator elements (Ti, Cr) in SiC or 
diamond preforms is beneficial to the decrease of 
interfacial energy and the enhancement of wettability, 
resulting in pressureless infiltration of Cu alloy [13, 30]. 
But the agglomeration of Ti on the interface degrades TC 
greatly due to the formation of TiC and Ti-Cu 
compounds. TC of C/metal and diamond/metal 
composites is more sensitive to interfacial resistance in 
comparison with SiC/metal composites [31]. It is 
important to control the thickness of segregation layer 
and the degree of interfacial reaction. Modifying 
reinforcement assures homogeneous distribution of 
activator elements. Cr-coated diamond and Ti-coated 
diamond are produced by slow vapor deposition in 
vacuum or salt bath method, which is approved to be 
able to successfully improve the wettability. 
 
3.2 Powder metallurgy (PM) route 
For solid-state PM route, the reinforcement and 
metal powder are mixed and consolidated by hot 
pressing, high-temperature and high-pressure (HTHP) or 
spark plasma sintering (SPS). HPHT produces the 
highest thermal properties in the case of C/metal and 
diamond/metal composites [32]. SPS is favorable for the 
suppression of interfacial reaction due to the lower 
sintering temperature and fast heating rate [33]. Metal 
coating on the filler is necessary to assure homogeneous 
distribution of reinforcement and suppress the interfacial 
reaction. However, PM is limited to simple-shaped 
components with low content of reinforcement. 
 
4 Electronic packaging processing 
 
Packaging process is another important factor that 
impacts the heat dissipation of packaging material. 
Conventional metal packaging process is mainly 
comprised of four steps. Firstly, Kovar substrates and 
Kovar enclosures are brazed with Ag-Cu eutectic alloy at 
about 830 °C to form a cavity. Secondly, the Au-Si 
eutectic alloy is utilized in order to attach the die to the 
cavity. During this process, a gold preform is placed at 
the top of cavity while heating the package. As the die is 
mounted over the gold preform, Si from the die backside 
diffuses into the gold perform, resulting in the formation 
of Au-Si alloy. A further diffusion of Si into gold preform 
enhances the Si-to-Au ratio of the alloy until the eutectic 
ratio is achieved. The Au-Si eutectic alloy contains 
2.85% of Si and melts at about 363 °C. Hence, in order 
to obtain the eutectic melting point, normally 380−   
430 °C, the temperature of attached die must be 
reasonably high. The third step is wire bonding that 
supplements the electrical connection between silicon 
chip and external leads of the semiconductor device by 
using very fine bonding wires. Finally, Sn-based solder 
is used to seal a lid to the package at 200−330 °C. For 
the brazing of advanced composite, the biggest 
challenges are surface finishing and brazing processes. 
 
4.1 Surface finishing of composites 
In order to enhance the wettability between the 
composites and brazing filler, and improve the 
corrosion-resistance of soldering joint, Au and Ni are the 
most common surface finishes selected in 
microelectronic packaging field. Therefore, conventional 
surface finishing metallization on the Kovar substrate is 
a Ni/Au double layer deposited by electroplating. 
However, it is difficult to deposit Ni layer on the 
SiC/metal or diamond/metal composites by 
electroplating due to the existence of the nonmetallic SiC 
or diamond particles [34−36]. Therefore, an electroless 
Ni plating process is employed for the metallization of 
SiC/metal or diamond/metal composites firstly. After 
electroless Ni, the conventional electroplating process 
can be used to deposit Ni or Au layer on it. Because 
graphite fiber can conduct electricity, conventional 
electroplating process can be used to deposit Ni layer on 
Cf/Al or Cf/Cu surface. 
 
4.2 Brazing of Al-matrix composites 
For Al-matrix composites, inefficient brazing 
process is the most critical problem that limits their 
application. Taking SiCp/Al composites for example, the 
application of conventional Ag-Cu brazing alloy is 
limited owing to its high eutectic melting point (780 °C). 
The brazing temperature for SiCp/Al composite should 
be lower than 550 °C in order to avoid its melting and 
the deterioration of mechanical properties. Additionally, 
brazing temperature should be higher than the 
temperature of subsequent die attachment process (380− 
430 °C). Therefore, the optimum temperature for brazing 
operation lies in the range of 450−550 °C. However, the 
application of SiCp/Al composites is limited due to the 
lack of viable commercial filler metals that span such 
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intermediate melting range. 
Besides that the requirement for brazing filler 
metals suitable for Al-matrix composites can be used in 
the temperature range of about 450−550 °C, there is a 
more general need for filler metals that have good 
wettability with nickel or gold platting layer. The 
available range is severely limited to materials that are 
either intrinsically expensive because they contain a 
large proportion of gold, or they are brittle and cannot be 
produced in the form of foil and wire preforms. The first 
type of alloy is represented by 82.7Au-14Ag-3.3Si and 
58.5Au-19.5Ag- 22Ge eutectic alloys, with melting 
points of 457 °C and 450 °C, respectively [37−38]. 
While the second type is Al-based brazing filler, such as 
63Al-16.5Ag-20.5Ge and 40.0Al-40.7Ag-19.3Cu, with 
the melting points of  414.5 °C and 500 °C, respectively 
[39−40]. Previous attempts to develop low-melting-point 
filler metals for brazing Al-matrix composites have not 
met with commercial requirement due to the poor 
mechanical properties of the alloys, corrosion of the 
joints, toxicity, high cost of constituent metals and 
volatility of the constituents. 
In our group, a new Ag-Cu-Sn brazing alloy with 
the melting temperature range of 450−500 °C has been 
developed to overcome these limitations. Figure 3(a) 
shows the microstructure of cast Ag-Cu-Sn alloy. 
Ag-Cu-Sn alloy has a reasonable melting temperature for 
brazing Al-matrix composites, but the alloy contains a 
large volume fraction of hard intermetallic compounds 
with the grain size of 20−60 μm, which makes it hard to 
produce brazing foil by conventional cold rolling unless 
the alloy is subjected to long heat-treatment schedules 
between each reduction pass. Rapid solidification with 
cooling rates higher than 103 K/s allows the preparation 
of such alloys exhibiting excellent properties such as the 
reduction in grain size and reduced levels of segregation 
[41]. Figure 3(b) shows the microstructure of Ag-Cu-Sn 
brazing foil prepared by melt-spinning. The average 
grain size of IMCs is measured approximately to be 0.3 
μm, and the melting and spreading of filler metals are 
enhanced by refined grain size. Figure 3(c) shows the 
optical micrograph of the ductile Ag-Cu-Sn brazing foil. 
The dimensions of the as-produced ribbons are found to 
be 8−10 mm in width, 600−1 000 mm in length, and 
120−190 μm in thickness. SiCp/Al composites with 
electroless Ni(P) layer are brazed with Ag-Cu-Sn brazing 
foil in flowing Ar atmosphere at 480 °C for 4 min. The 
process is fluxless owing to the absence of any 
post-joining cleaning treatment. Microstructure of the 
joint brazed by Ag-Cu-Sn alloy is shown in Fig.3(d). 
Defect-free joints are obtained and the alloy exhibits 
high strength and good air-tightness. The shear strength 
of brazing joint reaches 50 MPa with helium leak rate of 
1×10−9 Pa·m3/s. 
 
4.3 Brazing of copper-matrix composites 
For Cu-matrix composites, Cu matrix is able to 




Fig. 3 Microstructures of Ag-Cu-Sn brazing filler alloy and brazing joint: (a) Cast Ag-Cu-Sn alloy; (b) Ag-Cu-Sn brazing foil 
prepared by melt-spinning; (c) Ductile Ag-Cu-Sn brazing foil; (d) SiCp/Al composites/Ni/Ag-Cu-Sn brazing joint 




Thus, conventional Ag-Cu or Ag-Cu-Ti brazing filler can 
be used. However, because of the hard diamond particle, 
the surface of diamond/Cu composites is rough, and 
plating and brazing processes are more complex than 
those of smooth surface. 
 
5 Future prospects and recommendations 
 
Advanced metal matrix composites are still far from 
wide use due to the limit of thermo-physical property, 
manufacturing process, brazing technique and cost. The 
advantage of carbon/metal and diamond/metal 
composites has not been taken into full play because of 
the high interfacial resistance. Fundamental research on 
the improvement of wettability, controlling of interfacial 
structure and thermal conductance mechanism is of vital 
importance. Novel composites with co-continuous 
structure of hybrid reinforcement need to be emphasized. 
Near-net forming technique is also a key consideration. 
Continue improvements in packaging design and process, 
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